The inhibitory effect of nisin on Mycobacterium avium ssp. paratuberculosis and its effect on mycobacterial cell wall.
Infection with Mycobacterium avium ssp. paratuberculosis (M. paratuberculosis) is a widespread problem in the United States and worldwide, and it constitutes a significant health problem for dairy animals with a potential effect on human health. Mycobacterium paratuberculosis is easily transmitted through consumption of contaminated milk; therefore, finding safe methods to reduce the mycobacterial load in milk and other dairy products is important to the dairy industry. The main objective of the current study was to investigate the effect of natural products, such as bacteriocins designated as "generally regarded as safe" (GRAS), on the survival of M. paratuberculosis in milk. Commercially synthesized bacteriocin (nisin) was used to examine its effect on the survival of laboratory and field isolates of M. paratuberculosis and in contaminated milk. Surprisingly, nisin had a higher minimum inhibitory concentration (MIC) against the laboratory strain (M. paratuberculosis K10), at 500 U/mL, than against field isolates (e.g., M. paratuberculosis 4B and JTC 1281), at 15 U/mL. In milk, growth of M. paratuberculosis was inhibited after treatment with levels of nisin that are permissible in human food at 4°C and 37°C. Using both fluorescent and scanning electron microscopy, we were able to identify defects in the bacterial cell walls of treated cultures. Our analysis indicated that nisin reduced membrane integrity by forming pores in the mycobacterial cell wall, thereby decreasing survival of M. paratuberculosis. Thus, nisin treatment of milk could be implemented as a control measure to reduce M. paratuberculosis secreted in milk from infected herds. Nisin could also be used to reduce M. paratuberculosis in colostrum given to calves from infected animals, improving biosecurity control in dairy herds affected by Johne's disease.